Ph osphorylierung der M annose fanden P a l l e r o n i und M itarbb. 35 in Extrakten von
cement layer underlying which is the wax and poly phenol layers, the innermost being the cuticulin layer ( L e e s 5, W i g g l e s w o r t h 6> 7, D e n n e l l and M a l e k 8, S e w e l l 9) . D e n n e l l and M a l e k 8 suggested that the multilayered type of epicuticle referred to above may be an elaboration of what has been cal led the basic type comprising two layers, and that the inner lipo-protein layer and its outer part contaning paraffins may be common to the epicuticle in all arthropods ( D e n n e l l and M a l e k ) 8. The elabo ration of such a basic type suggested above is said to be associated with the increased functional ef ficiency of the epicuticle. In cockroach the relative impermeability of the cuticle, within a certain range of temperature has been attributed to the wax layer of the epicuticle ( R a m s a y ) 10 . He visualized a system in which water may traverse the cuticle and get blocked by wax near the surface. The works of W i g g l e s w o r t h n , B e a m e n t 12, W a y 13, H o l d g a t e
and S e a l 14, B e a m e n t et a l.15 indicate that in the insect cuticle, a barrier is responsible for water proofing at lower temperatures. In the relationship between permeability and temperature there is seen a sharp discontinuity at a particular temperature, called the critical or transition temperature. This has been attributed to a phase change in the wax molecules resulting in increased permeability of the cuticle. The role of such wax has been proved by the observation that its removal with abrasive agents or chloroform, brings about an increased rate of water loss even at lower temperatures. In isopods and myriapods ( E d n e y 16, C lo u d s le y -T h o m p s o n 17) the cuticle is more permeable to water at lower tem peratures than in the terrestrial insects. From a comparative study of the transpiration curves in these arthropods, it is seen that at higher tempera tures at which the cockroach cuticle is highly per meable to water, the cuticle of isopods and myria
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Material and M ethods
The diplopods C in galobolu s bugn ioni and A ulacobolus ex cellen s used in the following study were collected in the vicinity of M adurai (South India) Ca. 9° 55' N. latitude and 78° 10' E longitude. A record of the weather conditions of the area during every collection was maintained. The readings of tem perature, humi dity and rainfall were checked and found to agree with the records maintained by the local meteorological sta tions of the Government of India. The m aterial was fixed in neutral formalin (5%) and decalcified with 5% acetic acid. Histochemical tests were performed on fro zen sections cut 20 /x thick. Sections prepared by double embedding with celloidin and paraffin wax were used for a study of the histology of the epidermis and staining reactions of the cuticle. The stains used in clude M a 11 o r y's triple stain, H e id e n h a in 's haematoxylin and M a s s o n's trichrome stain. The histochemical tests applied are mentioned in appro priate context. The experimental procedure for the study of w ater loss through the cuticle was based on the work of W i g g l e s w o r t h 22. The details are given in the text.
Structure and chemical composition
In Cingalobolus and Aulacoholus the cuticle of each segment is in the form of a complete ring without sutural divisions between the tergal and pleural re gions. Each ring is demarcated into an anterior and a posterior p art by an encircling groove in the centre distinguishing the prozonite from the metazonite (Silv e s t r i 23) .
The cuticle of Cingalobolus is thickest in the tergite of the collar segment measuring about 170 /bi thick, and is very thin in the arthrodial membrane where it measures only about 10 /u thick. Intermediate conditions prevail in the tergites of the trunk segments where the thickness may range between 50 [A to 75 /j,. Notwithstanding the differences in thickness of the cu ticle, the structure shows a similarity in all regions. In unstained sections of metazonite two divisions in the cuticle are seen (Fig. 1) . The outer one is thin, yellow tid e. They are however seen in chitosan preparations of the intermoult cuticle as deep violet vertical stria tions, each canal produced into a num ber of fine b ran ches abutting on the inner border of the epicuticle. In the middle region the canal appears to be coiled in a spiral recalling the pore canals of the larva of Sarcophaga ( D e n n e l l ) 25. The striations seen in the early post moult cuticle do not turn violet with iodine sul phuric acid in chitosan preparations. It may be inferred that pore canals are nonchitinous in the early post moult phases and later they are chitinized.
The cuticle of Aulacoholus excellens shows a close similarity to that of Cingalobolus bugnioni in com prising two layers an outer thin homogeneous layer about 5 /a. thick and inner wider lam ellated region more than 100 ju thick (Fig.3) corresponding to the epi cuticle and procuticle. The epicuticle of Aulacoholus in the intermoult stages is am ber coloured suggestive of the occurrence of tanning and is not produced into spines unlike the epicuticle of Cingalobolus. In both the types, on treatm ent with chlorated nitric acid the outer thin epicuticle was separated from the under lying lamellated procuticle (Figs. 4 and 5 ) . The epi cuticle dissolves readily in chitosan preparations indi cating the absence of chitin in it, whereas the lamellated 24 A. G. R the early post moult stages where it stains feebly red in M allory, the layer begins to give positive reac tions to the above mentioned tests. In the late postmoult and interm oult stages the epicuticle is more intensely positive to these tests. A t this stage it is re active to ferric chloride test indicative of the presence of diphenols. In sclerites of Aulacobolus the epiculticle deviates from the condition reported as above in that the fuchsinophily of the epicuticle is lost in the inter moult stages following an assumption of am ber colora tion when it becomes refractory to stains. But the epi cuticle in the sternites remains throughout the moult cycle in an untanned condition staining blue with Mallory. T hat the amber colouration of the sclerite epicuticle is due to tanning of its protein component is indicated by the resumption of fuchsinophil staining following the treatm ent with diaphanol which has the property of breaking up aromatic links and reversing the effects of tanning. In both the diplopod types, fuch sinophil condition of the epicuticle is correlated with accumulation of lipids. These are free in the earlier phases as may be infered from intense positive reaction to Sudan Black B in ethanol It may be inferred from these observations that the epicuticle in the diplopods studied is composed of a non-chitinous, glyco-lipoprotein complex stabilized to varying extent by aromatic tanning. Except in the pre sence of fructose the layer resembles the inner lipo protein epicuticle of insects. However, a notable feature in which it differs from insect epicuticle is in the com plete absence of an outer lipid epicuticle ( R i c h a r d s ) 24.
Seasonal variation in the epicuticle
The above mentioned features of the cuticle of Cin galobolus and Aulacobolus refer to animals collected during the summer months which in South India extend from January to August. The diplopod collections made from the same locality during the winter months from September to December showed a marked deviation in 26 J. R. B a k e r , Quart. J. microscop. Sei. 87, 441 [1946] .
28 R. D. L it. In summer the diplopod species are not found on the surface but bury deep in the soil. W ith the onset of winter they emerge out of the soil and lead an active life. Immediately after emergence all these forms undergo a moult and the new cuticle formed lacked an epicuticle. Sections of the integument of animals which are just emerging from the soil showed that they were in a premoult condition, the old cuticle about to be shed possessed an epicuticle while the newly formed preexuvial cuticle lacked that layer (Figs. 2 and 8) .
Again with the return of summer these diplopods take to an inactive life, after a moult. Exam ination of the integument of such forms showed the presence of an epicuticle. nous epicuticle is wanting. This feature characterised all the specimens in the collections made during the above period. W ith the return of the summer condi tions in the following season, the two species of di plopods collected showed a well defined outer homo geneous layer overlying the procuticle and answering to the description of epicuticle as in the forms col lected during the previous summer. It is seen that both Cingalobolus and Aulacobolus pass through two phases one with an epicuticle and the other without an epi cuticle. This has been verified by making collections from the same area of both the diplopod types at weekly intervals extending over a period of more than a year. A record of the weather conditions, tempera ture, humidity and rainfall in the area on every col lection day was m aintained. It was noted that the forms collected in the rainy season -September to Decem ber -did not contain an epicuticle while those col lected in summer -January to August -possessed The habit of millipedes to bury in the soil has been reported by M a n t o n 31, C lo u d s le y -T h o m p s o n 17 and B l o w e r 3. It has been suggested that such behaviour is a device to overcome the unfavourable conditions created by scarcity of water in the environment. During the summer months the millipedes Cingalobolus and Aulacobolus show an epicuticle. In the rainy season when the atmosphere is very humid, an epi cuticle is not present. The presence or absence of an epicuticle in the two seasons appears to be significant in the light of the observations of Y o n g e 32 that the epi cuticle is responsible for the selective perm eability of the arthropod cuticle and in its absence the cuticle will perm it free evaporation of water through it. It is suggestive that the periodical presence of the epicuticle may be related to the conservation of w ater resources of the animal at a period of the year when they are exposed to dangers of desiccation. This assumption was tested by studying the rate of water loss through the cuticle in the two types referred to above.
